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Abstract―The biggest carbon emissions in urban areas are 
generated from the transportation system, including in 
Surabaya City where the transportation sector contributes 5.48 
million tons of carbon emissions per year, or about 96% of the 
total air emissions there. With the cities rapid development, 
urban transportation systems need to be managed appropriately 
to avoid environment damage. The most effective way to reduce 
carbon emissions from the transportation system is by reducing 
the number of private vehicles uses. TOD is one of the solutions 
that can be applied, which is through the integration of mixed 
land development and the construction of transit mode 
transportation systems. TOD allows people to carry out various 
daily activities with close transportation distances, either using 
transit modes, walking, or cycling. This study aims to show the 
benefits of applying TOD in reducing carbon emissions from the 
transportation sector in Surabaya using a system dynamics 
model. The model produced can be used as a reference or 
consideration for the government and other related parties in 
developing strategies and policies related to the implementation 
of TOD. Future studies can analyze several TOD scenarios that 
can be carried out to reduce carbon emissions from the 
transportation sector in Surabaya. 
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I.  INTRODUCTION 
ITIES around the world are faced with the problem of 
deteriorating air quality as a result of increased 
economic activity [1]. Of all sources of air pollution, the 
transportation sector is the main contributor to air pollution 
and the largest emitter of carbon in urban areas [2]. Surabaya 
is one of the largest cities in Indonesia. According to the 
Forest Monitoring Report of Surabaya in [2], the 
transportation sector in Surabaya contributes 5.48 million 
tons of carbon emissions per year, or about 96% of the total 
air emissions in Surabaya City. 
Various studies have been conducted to reduce the amount 
of carbon emissions, therefore, there are many ways to reduce 
carbon emissions in urban transportation systems, one of the 
most effective ways is to reduce the use of private/ share 
motor vehicles and change to the use of mass transportation 
such as BRT and MRT [3]. This is appropriate to do in 
Surabaya because the trip characteristics in Surabaya are still 
very much dominated by the use of private modes, such as 
motorcycles (50.95%) and private cars (1.60%), only 5.96% 
trips that use public transportation [2]. 
In addition to reduce the number of private/ share 
transportation uses, a land use management system also has 
good potential in ensuring a good urban environment, 
especially if the land use system can regulate for a better and 
healthier community mobility. This situation can be achieved 
when the spatial distribution of residential areas, workplaces, 
commercial centers, and other activities areas is built in a 
suitable combination so that it can contribute to the origin-
destination travel patterns in urban transportation, and 
ultimately will have an impact on reducing the travel 
distance, the energy consumption, and the pollutant emissions 
[4]. The results of other studies shows that the change of 
private vehicles uses to public transportation is influenced by 
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Boundary Adequacy of TOD System 
Type Variable Unit 
Internal Urban housing development Percent 
 Public facilities Percent 
 Offices, business, and entertainment Percent 
 Mix-ness of land uses  
 Transits Unit 
 Bicycle networks Km 
 Pedestrian networks Km 
 Bicycle uses Percent 
 Pedestrian Percent 
 Daily travel distances Meter 
 MRT transits Unit 
 BRT transits Unit 
 Distance to transits Km 
 Private/ shared motor vehicles uses Percent 
 



















 People change to use MRT Percent 
 People change to use BRT Percent 
External Urban population People 
 Immigration rate Dmnl 
 Emigration rate Dmnl 
 Birth rate Dmnl 
 Death rate Dmnl 
 Economic growth Percent 
 Safety effect of using bicycle Percent 
 Comfort effect of using bicycle Percent 
 Safety effect of walking Percent 
 Comfort effect of walking Percent 
 BRT fare effect Percent 
 Comfort effect of using BRT Percent 
 Safety effect of using BRT Percent 
 BRT waiting time effect Percent 
 MRT fare effect Percent 
 Comfort effect of using MRT Percent 
 Safety effect of using MRT Percent 




the design of the area around the transit location, meaning that 
it is necessary to integrate the area planning around the transit 
location with the network planning and transportation 
facilities that will be developed [5]. TOD covers all this 
discussion. 
From various explanations regarding the conditions and 
problems above, this study uses system dynamics modeling 
to show and to get a better understanding of the TOD 
implementation to reduce carbon emissions from the 
transportation sector in Surabaya City. This paper is 
organized as follows. Section 1 explains the introduction. 
Section 2 explains the method used in conducting this study. 
Section 3 explains the results and discussion. And then the 
conclusion is made in Section 4. 
II.  METHOD 
In this study, the SD model is used to analyze complex 
systems with several variables that change from time to time 
and determine how the system is affected by specific policy 
implementation [6]. Literature study also conducted to 
describe TOD implementation in the system. 
A. System and Model 
System is a collection of entities that act and interact 
together to achieve several goals [7]. System is categorized 
into two types: discrete and continuous systems [8]. Discrete 
system is a system where the variables change instantly at 
separate points in time, whereas a continuous system is a 
system where the variable status changes dynamically or 
continuously with respect to time.  
Model is a representation of a real system. A model is said 
to be good if the model behavior could resemble the actual 
system on condition that it does not violate the principles of 
systems thinking. The development of a model is strongly 
influenced by the subjectivity of a person or organization so, 
there needs to be continuous improvements by exploring 
relevant information and potential [9]. The advantages of 
using models in research using a systems approach are: (1) it 
is possible to conduct cross-sectoral research with a broad 
scope; (2) experimentation can be done on the system without 
disturbing (giving certain treatment to) the system; (3) the 
objectives of the management and improvement activities of 
the system under study can be determined; and (4) the model 
produces can be used to predict the behavior and the system 
state in the future [9]. 
B. Simulation 
Simulation is a technique of processes duplication that 
occurs in real systems using computer assistance based on 
certain assumptions, so that it can be understood scientifically 
[5]. Simulation can also be interpreted as a process in which 
a mathematical model is added to the model that has been 
created to support the model. Then the simulation model is 
carried out to determine the behavior of the system at a certain 
 
Figure 1. The Basic Pattern of the System. 
 
 












































time. Very effective simulation models are used for relatively 
complex systems for analytical solutions of these models. 
C. System Dynamics 
System dynamics (SD) was first developed by Forrester of 
the Massachusetts Institute of Technology (MIT) in the 
1950s-1960s based on system theory, information science, 
organizational theory, control theory, tactical decision 
making, cybernetics, and military games, which methodology 
has been applied to fields such as government policy, 
medicine, the automotive industry and urban studies [3]. 
According to [10], Dynamic system is a method of problem 
analysis in which time is one of the important factors, and 
includes an understanding of how a system can be maintained 
from interference from outside the system, or how the system 
is made in accordance with the objectives of the modeling 
system to be created. 
The SD model is used to study and anticipate changes over 
time in a complex system and can be used for systems with 
limited data problems, because the information used for 
system conceptualization and model formulation is much 
broader than the numerical database used in operations 
research and statistical modeling. 
D. Transit Oriented Development 
Calthorpe, an American architect, first introduced the TOD 
concept and defined it as a "multipurpose community within 
a 10-minute walk along the regional transit system and this 
community acts as a strategic development point with 
complementary work, public services, use and retail in the 
environment" [11]. TOD provides very efficient access to 
transit facilities and, when implemented in conjunction with 
changes in the streetscape, it will improve the walkability 
environment [12]. An urban environment that facilitates 
residents to walk more frequently and use transit modes will 
greatly affect the amount of carbon emissions that are formed 
from the urban transportation system. 
TOD is closely related to the development of the area with 
access to transit facilities that are close, therefore the 
development of land with mixed-uses criteria is one of the 
characteristics of TOD. In connection with the characteristics 
of mixed land use in this TOD, the ideal mixed land use 
criteria are: the residential land accounts for 20% -60% of 
use, head office / commercial land accounts for 30% -70% of 
use, and public space accounts for 5% -15% of use [11]. 
TOD in favorable conditions, provides a variety of benefits 
including increased non-motorized access to the public 
transportation system, reduction of traffic pollution and 
energy consumption, increased public transport passengers, 
improved healthy lifestyles (such as walking and cycling), 
creating attractive destinations, shaping urban and regional 
polycentricity, mitigating urban sprawl, and accommodating 
economic growth [11]. 
TOD has five dimensions which can be explained as 
follows [13]: (1) Density, Diversity and Design are 
mentioned as the three most important dimensions of TOD, 
 
Figure 3. Transits Sub Model. 
 










































































because this development method is about a fast transit 
system, which can compete with cars on long trips, and attract 
more people to walk or bike on a short trip. This can lead to 
lower car use and denser urban structures, as a result, less 
fossil fuel consumption and more concentrated opportunities 
and services; (2) the other two dimensions are Destination 
accessibility and Distance to transit. Destination accessibility 
refers to the ease of access to travel attractions, while 
Distance to transit is a factor that is measured as the average 
of the shortest road route from a place of residence or 
workplace to the nearest transit node. 
III.  RESULTS AND DISCUSSION 
This section presents the results of internal and external 
factors or variables that affect the transit-oriented 
development implementation in focus to reduce carbon 
emission by reducing the number of private/shared vehicles 
uses in Surabaya City. The basic pattern of the system and all 
the sub-model from the basic pattern is modelled and made 
into a causal loop diagram. The data in this study are divided 
into two types, namely primary data and secondary data. 
Primary data used as a reference in this study include data on 
the number of vehicles, the population of the city of 
Surabaya, and other official data obtained from BPS (Central 
Bureau of Statistics) and DISHUB (Department of 
Transportation). This primary data is used for system 
modeling purposes as a validation and comparison of the 
model with the actual system. The secondary data used in this 
study were obtained from previous studies. These data are 
used as material for modeling and as a research reference 
source. The following is the result projection of this study. 
A. Boundary Adequacy 
Boundary adequacies consist of internal and external 
variables, both significant and auxiliary, which is related to 
the system and affect each other in the system dynamics 
model built in this study. These variables are listed in Table 
1 [1, 3, 4-5, 6, 13-16]. 
B. Basic Pattern of the System 
The basic pattern of the system is used to present the big 
 
Figure 5. Carbon Emissions Sub Model. 
 
 



























































































































picture or core structure of the system that is going to be 
modeled. Figure 1 shows the basic pattern of the system 
modelled in this study. From the variables in this basic 
pattern, 4 sub-models are made as steps in producing a causal 
loop diagram of the system. The sub-models are: (1) mixed-
ness of land uses sub-model, (2) transits sub-model, (3) 
bicycle networks and pedestrian networks sub-model, and (4) 
carbon emissions sub-model. 
C. Mixed-ness of Land Uses Sub Model 
Figure 2 shows the generic structure of mixed land uses. 
As previously explained that mixed land uses have three land 
use criteria, namely land use criteria for urban housing, public 
facilities, as well as for offices, business, and entertainment, 
so these three things will affect the mixed-ness of land uses. 
The more similar the composition of land use with ideal 
conditions, the more effective the implementation of TOD to 
be built. The three land use criteria are also each affected by 
urban population and economic growth, where the increasing 
number of urban population and economic growth will 
further increase the development potential of each criterion. 
Urban population is affected by birth rate (R1), death rate (B), 
immigration rate, and emigration rate. 
D. Transits Sub Model 
Figure 3 shows the generic structure of the transits. 
Transits are the number sum of BRT transits (R2) and MRT 
transits (R3), because the use of BRT and MRT in a trip is 
very possible to reduce the distance to transit. The closer the 
distance to transit, the more likely it is for people to change 
from using private vehicles to using BRT and/ or MRT. In 
addition to distance to transit, several other factors that can 
be considered by people to use BRT and/ or MRT are ticket 
fare, comfort, safety, and waiting time. The more expensive 
ticket fare, the less people want to use the BRT and/ or MRT. 
The higher the comfort level, the more people want to use 
BRT and/ or MRT. The higher the level of security, the more 
people want to use BRT and/ or MRT. The longer the waiting 
time, the fewer people will want to use BRT and/ or MRT. 
Finally, the more people who change to using BRT and/ or 
MRT, the less the private/ share motor vehicles are used. 
E. Bicycle Networks and Pedestrian Networks Sub Model 
Figure 4 shows the generic structure of bicycle networks 
(R4) and pedestrian networks (R5). The construction of 
bicycle networks and pedestrian networks is aimed to make 
people want to reach places at the intended short distance by 
walking or cycling. The more bicycle networks and 
pedestrian networks, the closer the distance to the destination 
by walking or cycling, to increase the number of pedestrians 
and cyclists. In addition to the distance traveled, the safety 
and comfort felt by people when walking or cycling is also an 
important factor for people to be able to like walking and 
cycling. The more people like to walk or bike, the less 
private/share motor vehicles are used. 
F. Carbon Emissions Sub Model 
Figure 5 shows the generic structure of carbon emission 
sub-model. In this study, carbon emissions come from three 
sources: private/ share motor vehicles (cars and motorcycles), 
public motor vehicles (lyn and city buses), and other motor 
vehicles (light trucks, heavy trucks, etc.). 
Figure 6 presents a causal loop diagram of the overall 
interrelationship between the variables in the system which 
derived from all the sub-model explained. 
IV.  CONCLUSION 
Conclusion of this study are as follows: (1) There are many 
ways to reduce carbon emissions of urban transportation, this 
study explains the implementation of TOD as one of the ways 
by focusing on how to decrease the private/ share motor 
vehicles uses; (2) The SD model is used to analyze the 
complex systems of TOD implementation with several 
internal and external variables which is related to the system 
and affect each other in the system; (3) Constructing the 
causal loop diagram is started with making the basic pattern 
of the system. This basic pattern helps to present the big 
picture or the core structure of the system that is going to be 
modeled. The variables in the basic pattern then expanded 
into several sub-model. At the end, these sub-models will be 
put together to make a complete causal loop diagram of the 
system; (4) The causal loop diagram was made based on the 
understanding and the information on the current condition of 
TOD implementation, it is for the model built to represent the 
current actual conditions; (5) The causal loop diagram 
produced can be used by the government and other related 
parties for decision making in developing strategies and 
policies related to TOD implementation to reduce carbon 
emission by reducing the private/share motor vehicles uses, 
and for predicting the possibility of unintended consequences 
in the future; (6) Further research can be done by developing 
several scenarios to predict which scenario are the best choice 
to reduce carbon emissions of urban transportation, especially 
in Surabaya using TOD. 
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